A 21-year-old man suffered from exertional heat stroke with impaired consciousness and rhabdomyolysis after strenuous physical exercise. Within two weeks the patient recovered completely without any specific therapy. Based on the symptoms and laboratory investigations, this episode suggested a moderate form of malignant hyperthermia. An in vitro contracture test was performed and a predisposition to malignant hyperthermia was diagnosed; other muscular diseases were excluded by histological examination. At present, the in vitro contracture test is the only method used to determine susceptibility to malignant hyperthermia and should be performed when the diagnosis is suggested on clinical grounds. FIGURE 2: Muscle contracture curve following ryanodine administration. Tension increase starts at 7.9 min and reaches 1g after 23.6 min. (In normal muscles tension increase starts at 14.8 min and reaches 1g after 35.1 min.)
Malignant hyperthermia (MH) is an inherited disease of skeletal muscle which in general occurs during or following anaesthesia. The typical MH crisis is characterized by sudden appearance of muscle rigidity, tachycardia, metabolic and respiratory acidosis, rhabdomyolysis and high fever.
Although MH usually is triggered by volatile anaesthetics and depolarizing muscle relaxants, other factors are recognized to induce MH. It is well known that in awake swine MH can be easily triggered by physical stress or heat stroke 1 , but there are few reports in literature concerning MH-like episodes in humans apart from in association with anaesthesia. However, those reports indicate that certain drugs or various forms of stress (heat, exercise, etc.) could lead to MH in humans, suggesting the existence of a human stress syndrome 2 .
We report a case of a MH-like syndrome following extreme physical exercise. The following data support the assumption that extreme physical stress may be a risk factor in patients susceptible to MH.
CASE REPORT
The patient (age 21 years, height 175 cm, weight 71 kg) participated in a strenuous march of 8 km during his military service. He collapsed during the march and this was followed by reduced consciousness lasting several hours. He had never experienced such an event before. There was nothing significant in the past medical history. There was no history of trauma, seizures, drug or alcohol abuse and he did not take any regular medication.
He was transferred to the nearest hospital with clinical signs suspected to be due to an acute infection. The clinical examination showed signs of dehydration and neuromuscular abnormalities. The heart rate was 160 bpm and blood pressure 85/60 mmHg. There were contractions of extensor muscles, eye deviation and a body temperature of 41°C.
Laboratory examination on admission showed the following values: leucocytes 12.4/nl (normal range <10/nl), serum glutamic oxaloacetic transferase (SGOT) 27 U/l (normal range <20 U/l), serum glutamic pyruvic transferase (SGPT) 18 U/l (normal range <25 U/l), gamma-glutamyl transpeptidase (GGT) 65 U/l (normal range <28 U/l), lactate dehydrogenase (LDH) 375 U/l (normal range 90-270 U/l), alpha-hydroxybutyrate dehydrogenase (HBDH) 222 U/l (normal range 60-170 U/l), creatine phosphokinase (CPK) 642 U/l (normal range 5-80 U/l) and K + 5.4 mmol/l (normal range 3.5-5.2 mmol/l). The urine was dark coloured.
Treatment included rehydration with intravenous electrolyte solutions, benzylpenicillin and novaminsulfon, a non-steroidal anti-inflammatory drug also known as metamizole. Cerebrospinal fluid, computed tomographic scan of the head and electromyography were normal. Although the body temperature decreased rapidly the patient did not regain normal consciousness. In addition, he suffered from vomiting and showed the clinical picture of opisthotonus and convulsions of the upper extremities, requiring administration of diazepam.
Repeat laboratory investigation the next day showed increasing values of SGOT 1565 U/l, SGPT 1335 U/l, GGT 962 U/l, LDH 2870 U/l, HBDH 280 U/l, CPK 19040 U/l and myoglobin in the urine. Over the next eight days the patient recovered completely, the elevated laboratory results returned to normal and no further complications occurred. He was discharged on the tenth day.
Subsequent Investigations
In order to evaluate whether the rhabdomyolysis was caused by a specific muscular disease or if it was a stress induced MH episode, the patient was transferred to our MH laboratory three months later. A muscle biopsy was taken for the evaluation of histological or morphological abnormalities and to perform the in vitro contracture test (IVCT) for diagnosis of MH susceptibility. Muscle biopsy was taken from the M. vastus lateralis under regional anaesthesia (3 in 1 nerve block) with prilocaine 350 mg. The preparation of the muscle bundle, procedure of the IVCT and MH classification were performed according to the protocol of the European Malignant Hyperthermia Group (EMHG) 3 . An additional muscle biopsy was taken for histological examination.
The muscle bundle was dissected into small specimens of approximately 200 mg weight and 20 mm length. Static halothane and caffeine tests were performed twice. The two bundles that were exposed to halothane responded with tension increase at 0.22 mM and 0.44 mM respectively (Figure 1a ). Normal muscles do not show tension increase with halothane. Following administration of caffeine, contracture development started at 4 mM (Figure 1b) .
Based on the abnormal contracture response to halothane and the normal contracture response to caffeine, the patient was diagnosed MH equivocal (MHE). The MHE classification is used when either the halothane or the caffeine test is abnormal. MHE probands must be regarded as susceptible to MH.
In addition and according to the recommendations of the EMHG, a ryanodine contracture test (RCT) was performed using 1 µM high purity ryanodine as previously described 4 . In the RCT an accelerated contracture development was observed, indicating MH susceptibility (Figure 2 ).
In the histological examination no internal nuclei, no signs of central core disease and no fibre-typegrouping were found. The inner fibre structure was normal and enzyme distribution was regular. No pathological cytoplasmic bodies, tubular aggregates, connective tissue or inflammatory abnormalities were detected. Overall the histological examination of the muscle was normal.
DISCUSSION
Our patient suffered from exertional heat stroke and reduced consciousness after strenuous physical exercise. There was no pre-existing myopathy. Clinical and laboratory examination verified rhabdomyolysis and showed features consistent with MH. When considered with previous reports 2,5,6 this case history may confirm the existence of a human stress syndrome.
The existence of the porcine stress syndrome in MH susceptible pigs is well known 1 , since it has been shown that exercise, heat stroke, anoxia, apprehension or excitement are triggering factors for MH. It is still a matter of debate whether or not human MH can be triggered by physical or emotional stress. The fact that the majority of MH episodes occur in the recovery room after cessation of general anaesthesia has been considered to be an indication of a human stress syndrome in patients with susceptibility to MH 5 . MH-like reactions during exercise have been described 7, 8 and epidemiological studies have revealed that the frequency of exercise-induced symptoms is higher in MH susceptible patients than in non-susceptible patients 6 . Increased sympathoadrenal activity during various forms of stress has been shown to be involved in the development of MH in swine 9 . The role of the sympathoadrenal system in human MH is still a matter of debate.
Moreover, it has been shown that in susceptible pigs MH could be triggered by heating to a core temperature of 41°C. Pigs from non-susceptible breeds tolerated heating to the same temperature without any symptoms of MH. The authors concluded that heat intolerance could be one factor in the genesis of MH. It is therefore possible that in our case high fever as a result of extreme body exertion was the trigger for the MH episode. It has been suggested that heat stroke and MH are related disorders and investigation of heat stroke cases by IVCT has been proposed in order to differentiate stress-induced MH from classical heat stroke 7 .
Reports have been published linking MH with various myopathies, in particular central core disease 10 . An MH myopathy which is characterized by diffusely distributed internal nuclei, moth-eaten fibres and cores has also been described 10 . Since there were no abnormalities in the histochemical investigation of the muscle specimen in our case and no specific myopathy was found, this MH episode was not associated with any neuromuscular disease.
The neurological course of our patient suggested involvement of the central nervous system (CNS) during this MH episode. Neurological abnormalities persisted when physical symptoms (body temperature, heart rate, blood pressure) had returned to nor-mal. These observations might be explained by altered CNS function induced by MH. In MH susceptible pigs electroencephalography has shown altered activity during the development of an MH crisis 11 . A decrease in total power and a shift to delta-theta activity was noticed. These alterations were reversed following treatment with dantrolene.
In conclusion, we have reported a young patient with exercise-induced rhabdomyolysis, high fever and altered consciousness associated with positive MH testing. This case is in agreement with previous observations 2, [5] [6] [7] [8] suggesting that awake MH episodes, although rare, may be a clue to the existence of a human stress syndrome. The clinical picture of MH 317 
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Anaesthesia and Intensive Care, Vol. 26, No. 3, June 1998 FIGURE 1a: Muscle contracture curve following halothane administration. Significant tension increase develops at 0.22 mM halothane.
FIGURE 1b: Muscle contracture curve following caffeine administration. Significant tension increase develops at 4 mM caffeine, which means a normal reaction to caffeine. can be extremely variable and a muscle biopsy to evaluate susceptibility to MH is recommended in cases of hyperthermic or hypermetabolic derangement with muscular or neurological involvement.
